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GHYHORSPHQWDQGPDQXIDFWXULQJLQDOOILHOGVRIHQJLQHHULQJ 9650XUWK\HWDOKDYH RSLQHG WKDW VXLWDEOH
PDWHULDOVRQO\FDQJLYHVKDSHWRWKH FRQFHSWVDQGGHVLJQRIDQ HQJLQHHU 5HFRJQLVLQJWKHIDFWWKDWWKHPDWHULDOSOD\V
DPDMRU UROH LQ HYHU\ LQGXVWULDO DSSOLFDWLRQ WKHUHKDVEHHQ DPRXQWLQJ VHDUFK IRU QHZPDWHULDOVZRUOGZLGH IURP
WLPHVLPPHPRULDO7KLVKDVOHGWRWKHGHYHORSPHQWRI DIHZ DGYDQFHGPDWHULDO DQGWKHLUSURFHVVLQJPHWKRGVZLWK
FRQWLQXRXV HIIRUWV EHLQJPDGH WR LPSURYH WKH SURSHUWLHV RIPDWHULDO IRU WKHLU HQKDQFHG SHUIRUPDQFH ,Q JHQHUDO
FRQYHQWLRQDOPDWHULDOVPD\GRQRWSRVVHVV WKHUHTXLUHGSURSHUWLHV +LJK VWUHQJWKZLWK ORZGHQVLW\ LVHVVHQWLDO IRU
DHURVSDFHWUDQVSRUWDWLRQDQGLQPDQ\VWUXFWXUDODSSOLFDWLRQVZKLFKFDQEHPHWE\WKHFRPSRVLWHPDWHULDOV
.* 6DW\DQDUD\DQD HW DO  KDYH UHSRUWHG WKDW DPRQJVW WKH GLIIHUHQW W\SHV RI FRPSRVLWH PDWHULDOV
GHYHORSPHQWRI0HWDO 0DWUL[&RPSRVLWHV00&VLVFRQVLGHUHGDVRQHRIWKHNH\LQQRYDWLRQVLQPDWHULDOVVFLHQFH
LQWKHPRVWUHFHQWGHFDGHV 00&VKDYHPHWDODVPDWUL[DQGGLVSHUVRLGVRIGLIIHUHQWVL]HVDQGVKDSHVDVUHLQIRUFLQJ
PDWHULDOV 7KHVHFRPSRVLWHVKDYHUHFHLYHGVLJQLILFDQWFRQVLGHUDWLRQLQWKHUHFHQW\HDUVRZLQJWRWKHLUKLJKVWUHQJWK
VWLIIQHVVDQGORZGHQVLW\
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PDQXIDFWXULQJDLUFUDIWSDUWVOLNHSDVVHQJHU VHDWVZLQGRZVDQGRWKHULQWHULRUSDUWVDVZHOOLQDXWRPRELOHVHFWRUIRU
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IDEULFDWLRQDQGHFRQRPLFUHTXLUHPHQWV %DVHGRQWKHH[WHQVLYHOLWHUDWXUHVXUYH\FDUULHGRXWWKHPDWHULDOVVHOHFWHG
LQ WKH IRUPDWLRQ RI FRPSRVLWHV DUH L $OXPLQLXP  LL )O\ DVK DQG LLL (*ODVV )O\ DVK DQG (JODVV DUH WKH
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$670
VWDQGDUGVWRFRQGXFWWKHYDULRXVWHVWV
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VSHFLPHQVZDVFDUULHGRXWXVLQJ&X.DUDGLDWLRQDWDVFDQVSHHGRIPV 7KHPHFKDQLFDODQGZHDUEHKDYLRXU
RIWKHDVFDVWKHDWWUHDWHGFRPSRVLWHVIRUPHGZHUHVWXGLHGWKURXJKPHDVXUHPHQWRIWHQVLOHVWUHQJWKKDUGQHVVDQG
ZHDU UHVLVWDQFH 0LFUR VWUXFWXUDO REVHUYDWLRQV ZHUH PDGH XVLQJ 6FDQQLQJ (OHFWURQ 0LFURVFRSH 7KH VDPSOHV
SUHSDUDWLRQ IRU 6(0 REVHUYDWLRQ ZDV VLPLODU WR WKH SURFHVVLQJ SURFHGXUH RI RSWLFDO PLFURVFRS\ :HDU
FKDUDFWHUL]DWLRQZDVLQYHVWLJDWHGE\YLHZLQJWKHZRUQRXWVXUIDFHV RIDOOR\ DQGFRPSRVLWHVIRUPHGGXULQJWKHZHDU
WHVWLQJ
 5HVXOWVDQG'LVFXVVLRQ
7KH VDPSOHV ZHUH PDFKLQHG DV SHU WKH $670 VSHFLILFDWLRQV DQG ZHUH VXEMHFWHG WR VROXWLRQ KHDW WUHDWPHQW
0HFKDQLFDODQGZHDUSURSHUWLHVRIWKHFRPSRVLWHVIRUPHGKDYHEHHQDQDO\VHG
 0HWDOORJUDSKLFVWXGLHV
0LFURVWUXFWXUH H[DPLQDWLRQZDV FDUULHG RXW IRU WKH FRQILUPDWLRQ RI WKH SUHVHQFH RI WKH UHLQIRUFHPHQWV LQ WKH
DOOR\PDWUL[$ FURVV VHFWLRQZDV REWDLQHG IURP WKH FDVWLQJV FDUULHGRXW JULQGLQJ DQG WKHQ SROLVKHGZLWK HPHU\
SDSHU HQJUDYHGZLWK.HOOHUµV VROXWLRQ DQGZHUH H[DPLQHG WKURXJKRSWLFDOPLFURVFRSH)LJXUHV WR  VKRZV WKH
PLFURJUDSKVRI& & DQG & FRPSRVLWHVDWPDJQLILFDWLRQVGLVSHUVLRQRIUHLQIRUFHPHQWVLQWKHPDWUL[PDWHULDO
D E
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D&E&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)LJ  (IIHFWRIYDULDWLRQRI(*ODVVILEHUDQGIO\DVKFRQWHQWRQ+DUGQHVV
)URPWKH)LJ  LWLVHYLGHQWWKDW UHLQIRUFHPHQWVDQGKHDWWUHDWPHQWKDYH VLJQLILFDQW LQIOXHQFHRQKDUGQHVV 7KH
HQKDQFHPHQW LQ KDUGQHVV RI FRPSRVLWHV LV DWWULEXWHG PDLQO\ WR 'LVSHUVLRQ RI KDUG UHLQIRUFHPHQWV LQ D VRIW DQG
GXFWLOHPDWUL[ UHVXOWVLQLPSURYHPHQWLQVWUHQJWKGXHWRODUJHUHVLGXDOVWUHVVHVGHYHORSHGGXULQJVROLGLILFDWLRQ DQG
6LQFH WKHUHLQIRUFHPHQWVZHUHSUHKHDWHG WRq&EHIRUHDGGLWLRQ WRPROWHQPHWDO UHVXOWLQJ LQDEHQHILFLDOHIIHFW
WKURXJKWKHIRUPDWLRQ RI LQWHUIDFH IUHH IURPDQ\FKHPLFDOUHDFWLRQDORQJZLWKWKHSRVVLELOLW\RIJRRGERQGH[LVWLQJ
EHWZHHQ WKH PDWUL[ DOOR\ DQG WKH UHLQIRUFHPHQWV 7KXV WKH ORDG WUDQVIHU FDSDELOLW\ RI WKH PDWUL[ WR WKH
UHLQIRUFHPHQWLVH[SHFWHGWREHPRUHZKLFKPD\EHDQRWKHUUHDVRQIRULQFUHDVHLQKDUGQHVVYDOXHV
 7HQVLOHVWUHQJWK
7KH ILQH ILQLVKHG WHQVLOH VSHFLPHQV ZHUH WHVWHG XVLQJ GLJLWDOL]HG 8QLYHUVDO 7HVWLQJ0DFKLQH )LJ  VKRZV
7HQVLOH6WUHQJWKRIFRPSRVLWHVDWGLIIHUHQWFRQGLWLRQV
)LJ  (IIHFWRIYDULDWLRQRI(*ODVVILEHUDQGIO\DVKFRQWHQWRQ7HQVLOHVWUHQJWK
7KHLQFUHDVHLQWHQVLOHVWUHQJWKFRXOG EHDWWULEXWHGWRWKHIDFWWKDW LQFUHDVHGFRQWHQWRIUHLQIRUFHPHQWVLQFUHDVHV
KDUGQHVV RI WKH FRPSRVLWHV ZKLFK LQ WXUQ KDV LQFUHDVHG WHQVLOH VWUHQJWK RI WKH FRPSRVLWHV 7KLV LV GXH WR WKH
UHVLVWDQFH WR GLVORFDWLRQV DQG KHQFH VWUHQJWK LQFUHDVHV ZLWK WKH ZHLJKW SHUFHQW $Q HIIHFWLYH ERQGLQJ EHWZHHQ
UHLQIRUFHPHQWDQGWKH$OPDWUL[IDYRXUVDQLPSURYHPHQWRIWKHWHQVLOHVWUHQJWK
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 :HDU UDWH
7KH SUHSDUHG ZHDU VSHFLPHQV ZHUH VXEMHFWHG WR ZHDU WHVWLQJ E\ XVLQJ FRPSXWHUL]HG ZHDU WHVWLQJ PDFKLQH
'LIIHUHQWFRPSRVLWHPDWHULDOVZHUHVWXGLHGZLWKSDUDPHWHUVDVVOLGLQJYHORFLW\DQGNHHSLQJDSSOLHGORDGFRQVWDQW
)LJ VKRZV ZHDUUDWHRIFRPSRVLWHVDWGLIIHUHQWFRQGLWLRQV
)LJ  (IIHFWRIYDULDWLRQRI(*ODVVILEHUDQGIO\DVKFRQWHQWRQZHDUUDWH
+DUGQHVVDQGVWUHQJWKDUHWKHWZRSUHGRPLQDQWIDFWRUVZKLFKGLFWDWHWKHZHDUEHKDYLRXURIPDWHULDOV+LJKHUWKH
KDUGQHVVDQGVWUHQJWKRIWKHPDWHULDOV ZLOOUHWDUGWKHRQVHWRIDGKHVLRQZKLFKLQWXUQOHDGVWROHVVHUPDWHULDOORVV
'XULQJJUDLQ UHILQHPHQW WKH JURZWKRI$OJUDLQV LV UHVWULFWHG UHVXOWLQJ LQ ILQHJUDLQ VWUXFWXUH'XH WR WKLV ODUJH
QXPEHUVRIJUDLQERXQGDULHVZHUHIRUPHG7KHLPSURYHPHQWLQWKHPHFKDQLFDOSURSHUWLHVDQGZHDUUHVLVWDQFHFRXOG
EHDWWULEXWHGWRWKHLQFUHDVHGVWUHVVUHTXLUHGWRFDXVHSODVWLFGHIRUPDWLRQ
 6(0DQDO\VLV
7KHPLFURVWUXFWXUHRI00&VZDVREVHUYHGXQGHUD6FDQQLQJ(OHFWURQ0LFURVFRSH6(0DWGLIIHUHQWORFDWLRQV
DFURVVWKHZRUQRXWVDPSOHV
D E
)LJ  6(0RI D$OPDWUL[ EKRXUVDJHGFRPSRVLWH&
)LJ VKRZV WKH 6FDQQLQJ (OHFWURQ 0LFURVFRSH LPDJHV RI $O  DOOR\ DQG  KRXUV DJHG & FRPSRVLWH
UHVSHFWLYHO\ ,WLVHYLGHQWWKDWWKHZHDUUDWHLVFRQVLGHUDEO\KLJKLQDVFDVWFRPSRVLWHV FRPSDUHGWRWKHKHDWWUHDWHG
FRPSRVLWHV,WLVREVHUYHGWKHRFFXUUHQFHRIGHHSJURRYHVDQGYDOOH\VRQWKHZRUQVXUIDFHVUHSUHVHQWLQJWKDWPDLQO\
DEUDVLYHZHDUZDVLQSURFHVVDWDOOFRQGLWLRQV
 9DOLGDWLRQ
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$UWLILFLDO1HXUDO1HWZRUN$11PRGHOLQJZDV FDUULHGRXWWROLQNWKHLQSXWYDULDEOHVWRWKHRXWSXWSHUIRUPDQFH
PHDVXUHV 7KH FRPSDULVRQ RI H[SHULPHQWDO DQG $11 SUHGLFWHG GDWD RI WHQVLOH VWUHQJWK KDUGQHVV DQG ZHDU
SURSHUWLHV UHYHDO D JRRG DJUHHPHQW 7KH HUURU IRU HDFK KDV EHHQ FDOFXODWHG DQG WDEXODWHG WKH PD[LPXP HUURU
REWDLQHGLVOHVVWKDQZKLFK LV WROHUDEOHDQGKHQFHWKHPRGHOLVYDOLGDWHG,WLVREVHUYHGWKDWWKHUHH[LVWVYHU\
FORVHDJUHHPHQWEHWZHHQH[SHULPHQWDODQG$11RXWSXWVRIKRXUVDJHGFRPSRVLWHV 7DEOHVKRZVWKH SHUFHQWDJH
HUURUEHWZHHQH[SHULPHQWDO DQG$11UHVXOWV RIWKHVHFRPSRVLWHV
7DEOHHUURUIRUKDUGQHVVWHQVLOHVWUHQJWKDQGZHDUUDWHDWKRXUV DJHLQJFRQGLWLRQ
 &RQFOXVLRQV
7KH$OEDVHGK\EULGFRPSRVLWHVZHUHVXFFHVVIXOO\IRUPHGE\VWLUFDVWLQJPHWKRGZLWKGLIIHUHQWZHLJKW
SHUFHQWDJHRI IO\DVKDQG(JODVV UHLQIRUFHPHQWVZLWK$ODVPDWUL[PDWHULDO :LWKLQSXUYLHZRIWKHVWXG\
IROORZLQJFRQFOXVLRQVKDYHEHHQ GUDZQ
L %\PDNLQJXVHRIVWLUFDVWLQJPHWKRGIO\DVKSDUWLFXODWHVDQG(JODVVILEHUFDQEHVXFFHVVIXOO\LQWURGXFHG
LQWKH$OPDWUL[DOOR\PDWHULDOWRIDEULFDWHK\EULGFRPSRVLWHPDWHULDOV
LL 7HQVLOH VWUHQJWK KDV EHHQ LQFUHDVHG E\   KDUGQHVV ZDV GRXEOHG DQG ZHDU UHVLVWDQFH KDV LQFUHDVHG
DERXW IRUUHLQIRUFHGDQGKHDWWUHDWHGFRPSRVLWHVZKHQFRPSDUHGWRDVFDVWFRPSRVLWH
LLL +RZHYHUEH\RQG WKUHHSHUFHQWDJHV RI UHLQIRUFHPHQWVORVVRIUHLQIRUFHPHQWVKDVVWDUWHGWDNLQJSODFHGXH
WRIORDWDWLRQRIWKHUHLQIRUFHPHQWVLQSDUWLFXODUIO\DVK)XUWKHULWZDVGLIILFXOWWRVWLUDQGPL[WKHPLQWKH
PROWHQPHWDOXQLIRUPO\GXHWRLQFUHDVHLQYROXPH
LY 7KH00&VIRUPHG DUH VXSHULRUWR$ODOOR\ DQGEDVHGRQWKHH[SHULPHQWDOYDOXHVKRXUVKHDWWUHDWHG
FRPSRVLWH &  RI HDFK UHLQIRUFHPHQW KDV EHHQ FRQVLGHUHG DV WKH EHVW RQH DPRQJ DOO WKH IRUPHG
FRPSRVLWHV
Y 7KHQHXUDOQHWZRUNUHVXOWVFRQILUPHG WKH YLDELOLW\RIXVLQJ WKHDSSURDFKDQGVKRZHGDJRRGDFFRUGDQFH
ZLWK H[SHULPHQWDO UHVXOWV REWDLQHG 7KHVH UHVXOWV FRQILUPHG WKH SRVVLELOLW\ RI XVLQJ WKH QHXUDO QHWZRUN
PRGHOIRUWKHSUHGLFWLRQRI PHFKDQLFDODQGZHDUSURSHUWLHVRIFRPSRVLWHV
$FNQRZOHGJHPHQWV
0\VLQFHUHWKDQNVDUHGXHWRP\VXSHUYLVRUV'U6RPD9&KHWW\DQG'U%6XGKHHU3UHP.XPDUIRUWKH
YDOXDEOH JXLGDQFH RIIHUHG GXULQJ HYHU\ VWDJH RI P\ UHVHDUFK ZRUN , WKDQN 3ULQFLSDO 5/-,7 DQG WKH
0DQDJHPHQWRI5/-DODSSD,QVWLWXWHRI7HFKQRORJ\IRU WKHVXSSRUWHQFRXUDJHPHQWDQGIDFLOLWLHV SURYLGHG
DWWKHLQVWLWXWH
5HIHUHQFHV
9650XUWK\$.-HQD.3*XSWD*60XUW\³6WUXFWXUHDQG3URSHUWLHVRI(QJLQHHULQJ0DWHULDOV´7DWD0F*UDZ+LOO
SS  DQG
.* 6DW\DQDUD\DQD503LOODL%&3DL³'HYHORSPHQWLQFDVWPHWDOPDWUL[FRPSRVLWHVRYHUWKHODVWWKUHHDQGKDOIDGHFDGHV´
+DUGQHVV 7HQVLOH6WUHQJWK :HDUUDWH
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3URFHHGLQJV RIWKLUG,QWHUQDWLRQDOFRQIHUHQFH$GYDQFHVLQ&RPSRVLWHPDWHULDOV%DQJDORUHSS
*%9HHUHVK.XPDU &635DR16HOYDUDM³0HFKDQLFDODQGWULERORJLFDOEHKDYLRXURISDUWLFXODWHUHLQIRUFHG$OXPQLXP0HWDO0DWUL[
FRPSRVLWHV´DUHYLHZ-RXUQDORIPLQHUDOVDQG0DWHULDOFKDUHFWHULVDWLRQ	(QJLQHHULQJSS
.KDQQD23³0DWHULDO6FLHQFHDQG0HWDOOXUJ\´'KDQSDW5DL3XEOLFDWLRQVSS
%9HQNDWDUDPDQ*6XQGDUDUDMDQ ³&RUUHODWLRQEHWZHHQWKHFKDUDFWHULVWLFVRIWKHPHFKDQLFDOO\PL[HGOD\HUDQGEHKDYLRURI$O
DOOR\DQG$O00&V´ :HDU  SS
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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